Abstract This study proposes an index for automatically measuring the ease of listening materials to be understood (hereafter, listenability) based on the normalized edit distance between reference sentences and learners' transcription sentences (hereafter, NED). Listenability should be examined in order to maintain the motivation of learners or increase the learning effect. However, unlike the measurement of the ease of reading materials to be understood in terms of readability, little attention has been paid to listenability, and when it has been studied, it was determined by learners' subjective judgment, which is affected by learners' bias. This study found that NED was more reliable and valid than subjective judgments in an experiment done with 50 learners of English as a foreign language. Furthermore, the accuracy of the listenability measurement was acceptable, because the listenability measured with the multiple regression analysis had a strong correlation (r = 0.77) with the observed listenability in a leave-one-out cross validation test.
Introduction
If learning materials suit learners' proficiency levels, learners' motivation and the learner effects will be improved (1) . Previous research has paid much attention to the suitability of reading materials, and there have been proposals to use commercially available reading materials such as the Graded Readers series because the suitability is well-controlled for different proficiency levels (2) , or to assess the suitability of reading materials available on the Internet in terms of readability (3) (4) (5) . Few studies have argued for the suitability of listening materials, or proposed a measuring method of the ease of understanding the listening materials by learners (hereafter, listenability) (6, 7) . When language teachers find listening materials on the Internet, they need to measure the listenability, which takes both time and effort. The use of automatic listenability measuring methods decreases the need for teachers to examine listenability, which can increase teaching efficiency. In addition, since listenability measuring methods can be used on a computer-assisted language learning system, learners can choose appropriate online listening materials on their own.
Under previous methods (6, 7) , listenability was measured by multiple regression analysis using learners' subjective judgment for listening (hereafter, SBJ) as a dependent variable. The previous studies (6, 7) derived SBJ as a score in which learners subjectively determined listenability of a sentence on a five-point Likert scale (1, easy; 2, somewhat easy; 3, average; 4, somewhat difficult; 5, difficult).
Although the reliability and validity of the subjectively determined listenability index has been statistically confirmed, this study proposes another listenability index that is objectively determined. The primary advantage of an objective listenability index is that it avoids learners' biases from subjective judgments (8) . Another advantage is that it can identify listening problems that influence the listenability that learners fail to notice.
Among various candidates for the objective listenability indices such as results of cloze tests or transcription, this study uses the normalized Levenshtein edit distance between a reference sentence that a learner listened to and a learner's transcription of the reference sentence (hereafter, NED). An advantage of NED is that it allows analysis for how a learner recognizes spoken sentences sentence-by-sentence, word-by-word, and character-by-character. In this study, the reliability and validity of NED were assessed by answering the following questions:
(1) How stable is NED as a listenability index? (2) To what extent does NED classify learners depending on their proficiency when it is assumed that NED reflects learners' proficiency in a way that "the more proficient a learner is, the more easily the learner listens to a material"? (3) How strongly does NED correlate with learners' proficiency levels when it is assumed that the abovementioned property holds? (4) How accurately can NED be measured based on linguistic and learner features?
Compilation of Listening Data
Listening data for this study included cases each of which consists of a sentence transcribed by a learner, a reference spoken sentence, SBJ, a learner feature, NED, and linguistic features of the reference spoken sentence.
Collection of Listening Data
Listening data were collected using the following procedure. Learners listened to sentences read aloud by a native speaker of English, and transcribed them sentence-by-sentence. After transcribing a sentence, learners subjectively determined the listenability of the sentence (SBJ) on a five-point Likert scale (1, easy; 2, somewhat easy; 3, average; 4, somewhat difficult; 5, difficult). The sentence could only be listened to twice. Learners were prohibited from returning to revise a sentence after moving on to another sentence. Learners were not allowed to use dictionaries or any other reference books. Learners were asked to complete each task as quickly as possible, and to stop working when the task was completed.
Texts for listening were two short texts. The title of Text I was "The North Wind and the Sun," and that of Text II was "The Boy Who Cried Wolf." Text I was composed of five sentences, and Text II, 10 sentences. Although these texts totaled only 15 sentences, they covered the basic sounds of English (9, 10) , which enabled analysis of which types of English pronunciation influence learners' listening. Deterding (10) found that Text I failed to cover some sounds such as initial and medial /z/ and syllable-initial /θ/. To make up for this, Deterding (10) rewrote a well-known fable by Aesop in order to provide suitable material for the description of English pronunciation (Text II). In addition to these phonetic properties, this study chose these texts because the contents of these texts were familiar to the learners. As these texts had no speech sound data, speech sounds were recorded from a voice actor reading the texts aloud. The voice actor (female, 35 years old) was a native speaker of American English.
The listening data were compiled from 50 learners of English as a foreign language at a university (28 males, 22 females; mean age, 20.8 years old (1.3 (standard deviation, SD)) who were compensated for their participation with a day's wages. All learners were asked to submit valid scores from the Test of English for International Communication (TOEIC) taken in the current or previous year. In the study sample, the mean (SD) TOEIC score was 607.7 (186.2). The minimum score was 295, and the maximum score was 900. TOEIC is a major English language test for university learners in Japan where this study was conducted, and the validity of the test has been confirmed (11) .
Annotation of Listening Data
The listening data were annotated with NED, linguistic features of sentences, and learner features. NED was calculated by dividing the Levenshtein edit distance by the number of characters in the longer of the two sentences. The Levenshtein edit distance from a reference sentence to a transcribed sentence reflected the differences between two sentences due to substitution, deletion, or insertion of characters.
The linguistic features were automatically derived from a sentence as follows. Sentence length (12) was derived as the number of words in a sentence. Mean word length (12) was derived by dividing the number of syllables in a sentence by the number of words in the sentence. Multiple syllable words (13) were derived by calculating formula (1) , where N was the number of words in a sentence, and S i was the number of syllables in the i-th word. This subtraction derivation ignored single-syllable words.
( )
Word difficulty (14) was derived as the rate of words not listed in a basic vocabulary list relative to the number of words in a sentence. Speech rate (15) was derived as the number of words read aloud in 1 minute. Table 1 summarizes the linguistic features of the texts that learners listened to: text length, mean (SD) values of sentence length, mean word length, multiple syllable words, word difficulty, and speech rate. The speech rate was close to the natural speech rate (approx-imately 150-200 words per minute) (16) . The learner features were determined using TOEIC scores. Although TOEIC results included a separate score for a listening test, this study used the total test score consisting of listening and reading tests. The learner features for measuring listenability needed to demonstrate learners' overall proficiency of English, because listenability could depend not only on listening skills but also on other skills such as lexical and syntactic knowledge and comprehension skills that are examined in a reading test.
Properties of Listening Data
The listening data were compiled using the method described in Section 2, and they included 750 cases (50 learners read aloud 15 sentences each). The descriptive statistics for the listening data are summarized in Table 2 .
As listenability in terms of SBJ was classified into five levels, the NED was also classified into five levels to compare the data distributions in relative frequency, as seen in Figure 1 . The distributions were dissimilar, as most of the NED (0.80 = 0.13 + 0.26 + 0.41) appeared between listenability levels 1 and 3 ("easy"), while most of the SBJ (0.98 = 0.12 + 0.46 + 0.40) appeared between listenability levels 3 and 5 ("difficult"). That is, a listening material was judged to be more difficult by SBJ than by NED. This suggests that learners listened with too much caution.
Assessment of NED-based Listenability
This study statistically assessed the reliability and validity of NED based on Classical Test Theory (17) . The first research question was answered by reliability, as described in Section 4.1. The second question was answered by construct validity, as described in Section 4.2.1. The third question was answered by criterionrelated validity, as described in Section 4.2.2.
Reliability of NED-based Listenability
The reliability of NED was examined by internal consistency in terms of Cronbach's α (18) . Internal consistency referred to whether NED demonstrated similar results for sentences with similar listenability. Cronbach's α was the reliability coefficient defined in equation (2), where α was the reliability coefficient, k was the number of items, in this study sentences, S i 2 was the variance associated with item i, and S T 2 was the variance associated with the sum of all k-item values. Cronbach's α reliability coefficient ranged from 0 (absence of reliability) to 1 (absolute reliability), and empirical satisfaction was achieved with values above 0.8. 
Since reliability depended on the number of items, the reliability coefficients were derived individually for each text (Text I containing 5 sentences and Text II containing 10 sentences) and jointly for both texts. The reliability coefficients of NED and SBJ are summarized in Table 3 .
NED and SBJ exceeded the baseline reliability 
Validity of NED-based Listenability
The validity of NED was confirmed if it reflected learner proficiency-dependent listenability. The dependence of listenability on a learners' proficiency referred to cases in which learners at different proficiency levels listened to a sentence and the listenability was higher for learners at a high proficiency level than for those at a low proficiency level.
Construct Validity
Construct validity was examined from the viewpoint of distinctiveness. If NED properly reflects a learner's proficiency, it should demonstrate a statistically significant difference (p < 0.01) among learners at different proficiency levels. The distinctiveness of NED was investigated using analysis of variance (ANOVA).
First, 750 cases were classified into three levels based on the learners' TOEIC scores, which ranged from 295 to 450 at the beginner level (Beg), from 490 to 685 at the intermediate level (Int), and from 730 to 900 at the advanced level (Adv). Then, the mean NED and SBJ were calculated for cases in each level. Table 4 shows the mean (SD) values of NED and SBJ between the three levels of TOEIC scores.
One-way ANOVA showed statistically significant differences (p < 0.01) between the three levels of cases for NED and SBJ. The results were further examined using Tukey's post-hoc comparison.
Tukey's post hoc test showed statistically significant differences (p < 0.01) between the beginner and intermediate levels, the beginner and advanced levels, and the intermediate and advanced levels for NED, but not between the beginner and intermediate levels for SBJ. These results suggested that NED was more valid than SBJ as a listenability index. The results are summarized in Table 5 .
Criterion-related Validity
Criterion-related validity was examined from the viewpoint of the correlation with learners' proficiency in terms of TOEIC scores. NED should reflect learners' proficiency because listenability should depend on it.
NED had a stronger correlation with TOEIC scores (r = − 0.64) than did SBJ (r = − 0.29). The correlation coefficient of NED was compared with that of SBJ in an asymptotic z-test by using Fisher's z-transformation (19) . Statistically significant differences were observed (n = 750, z = − 11.8, p < 0.01). The NED demonstrated more validity than did the SBJ. These results provide further evidence for the validity of NED as a listenability index.
Listenability Measurement
In this section, the fourth research question was answered. This study developed a listenability measuring method using NED as a dependent variable in multiple regression analysis. The independent variables were the linguistic and learner features described in Section 2.
The independent variables were examined in terms of the presence of multiple-collinearity by calculating the variance inflation factor (VIF) (20) . Multiplecollinearity (VIF > 10) was observed in multiple syllable words (VIF = 12.3); hence, multiple syllable words were excluded from the independent variables. Table 6 . The statistically significant independent variables were sentence length, mean word length, word difficulty, and TOEIC score, but not speech rate.
The listenability measurement method was also examined in a leave-one-out cross validation test in which the method was examined n times (n = 750), taking one case as test data and n − 1 cases as training data. The correlation analysis was carried out between the observed and measured NEDs, and the correlation was 0.77.
The listenability measurement method was also examined based on measurement errors in the cross-validation test. Measurement errors were calculated as the absolute value of the difference between the observed and measured NEDs. The distribution of measurement errors is plotted in Figure 2 . In Figure 2 , "x" refers to the absolute value of measurement error. When x = 0, the measured NED completely matched the observed NED, which means the measurement is correct. The percentage of correct cases (x = 0) reached 35.6% (267/750), and that of incorrect cases (0 < x ≤ 0.1), 42.1% (316/750).
Measurement errors were investigated to clarify what influenced them. Independent sample t-tests were conducted to compare the linguistic and learner features between the top and bottom 10% of the measurement errors (75 cases in each set). Table 7 shows the mean values (SD) of independent variables in top/bottom 75 measurement errors. A statistically significant difference was observed only in sentence length (t(148) = 3.3, p < 0.01). This result suggests that the sentence length influenced the measurement errors.
Limitations
The first limitation is seen in the comparison of NED with SBJ. Listenability can be evaluated with other methods. For instance, a cloze test is a wellknown method for evaluating readability, as mentioned in Section 1. An advantage of a cloze test is robustness to the difficulty of text content (21) . However, the difficulty of text content can be a confounder that influences both dependent and independent variables. This study controlled the influence of text content difficulty by using linguistically simple texts, the contents of which are familiar to learners.
A second limitation is seen in the assessment of NED at the sentence level. NED can evaluate transcription at the word and character levels. Future research needs to assess NED using Item Response Theory, which can analyze the reliability and validity at the word and character levels (22) .
Conclusion
This study proposed using NED to examine whether it properly demonstrated listenability. The reliability and validity of NED were assessed using Classical Test Theory. The results suggested that NED was a reliable and valid listenability index. In addition, the measurability of NED was examined with multiple regression analysis, which presented a high measurability. Given these results, a question remains open to improve the measurability of NED by using other linguistic features such as the ratio of lexical elements and functional elements in a sentence. Functional elements such as prepositions and negative particles are relatively shorter, which could decrease the listenability. Another future research topic would be to employ the proposed method in the classroom in order to examine whether this type of listenability measurement can effectively support language learning.
